Purpose: Medical education is moving away from the traditional lecture and incorporating more active learning strategies, such as problem-based learning. This study presents 2 novel ways in which a single faculty member can incorporate active learning into the classroom. Methods: Two approaches were implemented. The first approach utilizes small groups working simultaneously in the lecture hall to answer questions based on clinical cases. Groups simultaneously display their answers, which are then defended in a faculty-led discussion. The second approach focuses on individual work on a series of cases. Completion of the work and valuable contributions to the class discussion are rewarded with positive reinforcement in the form of coupons. Results: Student feedback for both approaches has been consistently positive. Discussion: Similar to a problem-based learning approach, these techniques are problem-oriented and actively engage students. Neither approach requires an increase in faculty resources or use of small-group rooms.
Introduction
In recent years, there has been a move toward problem-based learning (PBL) in medical education. The term has been used to describe a variety of approaches to education, [1] [2] [3] [4] all of which use small groups of students working together on clinical cases. The goals of PBL are to have students actively participate in their education, to move away from the traditional teacher-centered lectures, to improve communication and problem-solving skills, and to facilitate teamwork. However, the extent to which PBL can be incorporated into a curriculum is limited by the need for adequate space, faculty to develop the cases, facilitators for the small groups, and administrative support. So consideration must be given to what the students gain from a PBL approach and whether the benefits can be achieved using fewer resources.
Comparisons between various educational techniques, including PBL, can be carried out using several rating scales or continuums. 4, 5 Traditional medical education is very informationoriented, while PBL utilizes a problemoriented approach. In the typical lecture class, the students are for the most part, passive. There are certainly ways to engage them, but by-and-large the students are not actively learning during a lecture. In a classic PBL approach, the students choose their learning issues and determine the content to be learned. 1 Finally, an educational approach can be teacher-centered or student-centered. The traditional lecture is extremely teacher-centered, while PBL is very student-centered, in that the students do most of the talking and problem solving. There are a number of techniques that can be used to move toward more problem-based active learning that is student-centered without utilizing PBL. 6 This report presents 2 approaches that have been successfully utilized in pharmacology classes by one faculty member.
Methods and Results

First Approach
The first approach is based on aspects of the team learning described by Michaelsen. [7] [8] [9] [10] The full team learning approach, which has been used successfully in business schools, consists of 4 components. The first is out-of-class preparation, including reading of assigned material. Class time then begins with individuals taking a quiz on that material followed by the preassigned groups taking the same quiz. This component is called "readiness assessment." Class then continues with the presentation of cases that the groups work on simultaneously in the lecture hall. The last component is evaluation of the group work by the group members. Each evaluation contributes to the course grade for each student. Typically, class sessions run 3 hours.
Largely because all classes in our medical school are limited to 50-minute time slots, the initial implementation consisted of just the group work in the lecture hall. The medical pharmacology class of 198 students (168 medical students and 30 PA students) was randomly divided into groups of 7 or 8. Four cases based on clinical uses of autonomic drugs were included in course materials handed out the first day of the course (acute asthma attack, anaphylactic shock, septic shock, and cardiogenic shock). Prior to this class, all of the material needed to work through the cases had been covered, so the purpose of this session was review, integration, and application of the information. To decrease the time needed for students to find their groups, the lists of group members were available several days ahead of the class. On the day of the class, large cards with the group numbers were placed around the lecture hall so that the group members could assemble. Each group was given a set of colored 8" x 10" cards, lettered from A through E. The first case was read aloud by the instructor and a single multiple choice question was projected onto a screen in the auditorium.
Less Difficult Case (Actual Case Number 1)
A 44-year-old patient with asthma since childhood treated with inhalers on a consistent basis, develops a cough, upper respiratory symptoms, wheezing, shortness of breath, and chest tightness. The patient comes to the emergency room because the symptoms are becoming acutely worse over a 10-hour period. Examination shows a tired-appearing patient in moderate distress with shortness of breath. 
Question:
Which of the following agents would you use now? a. Albuterol 1.25 mg in 2.5 ml normal saline by nebulizer administered over 5 to 10 minutes b. Dopamine 5 µg/kg/min IV infusion c. Epinephrine 0.3 ml 1:1000 solution given IV d. Epinephrine 0.3 ml 1:1000 solution given SC e. Propranolol 5 mg by slow IV push
The groups were given 3 minutes to determine an answer to the question. After simultaneously displaying their answers using the colored cards, groups compared and defended their respective answers in a faculty-led discussion involving the entire class. The class proceeded through the 4 cases in a similar fashion, except that the cases were progressively more difficult, the answers more ambiguous, and the time allowed to discuss the various answers was longer.
More Difficult Case (Actual Case Number 4)
A 58-year-old patient with diabetes, hypertension, and hypercholesterolemia is brought to the emergency room with crushing substernal chest pain associated with severe shortness of breath. He is known to have active peptic ulcers. Examination reveals a very sick and diaphoretic man. Rales are heard all the way to the top bilaterally. He has jugular venous distension and tachycardia with a summation gallop. The extremities are cool and clammy distally. Vital signs: BP 76/40, pulse 122/min, respiratory rate 28/min. ECG shows ST segment elevations across the anterior precordial leads consistent with an acute anterior myocardial infarction. Your goal is to keep this patient alive until the catheterization laboratory can do an emergent percutaneous transluminal coronary angioplasty.
Question:
Which The best student-to-student discussion was generated by questions without a definitive answer (see Case Number 4, where multiple drugs would be used). Although it bothered some students that there was no "right" answer, the groups had a much better learning experience when the choices were nearly equal in "correctness," i.e., at least 2 of the options might be chosen in that clinical situation. The test item-writing guide published by the National Board of Medical Examiners rank orders the options for a single best answer on a continuum from most correct to least correct. 11 An easy question has one answer quite close to the "most correct," with the remaining options far away on the continuum. For this learning encounter, it worked best if 2 or 3 of the options were clustered near the "most correct" end.
Based on faculty monitoring of the group work, most students actively participated in the group discussions about each of the cases. Since peer evaluation of the groups or group accountability was not done, some students chose to wait for the discussion and answers. 10 The first case went very quickly with little discussion, but as the cases became progressively more complex, the discussion became more intense and prolonged. Feedback from the students, derived from end-ofcourse evaluations and focus group meetings, indicated that they liked the application aspect and the chance to work together in small groups. They found that answering the questions for each case resulted in a thorough review of the material. A few students each year expressed frustration with the ambiguity of the answers to the questions for the more complex cases.
This past year a "readiness assessment" quiz for individuals was added to this class. It consisted of a list of 5 adrenergic agonists with students asked to indicate which receptors each drug activated. Although the quiz took an average of 1 minute to complete, distribution and collection of the papers took at least 5 minutes and 4 additional people. In addition, the quizzes had to be graded and the grades recorded. This task added another 2 hours. However, the quiz had a significant effect on the group discussions and the type of questions and discussion that followed each case. Faculty noted that the students spent less time looking up each drug in the option list and more time debating the relative use of each option.
Methods and Results
Second Approach
One of the objectives for the allied health pharmacology course of 31 PA and nurse midwifery students was to have the students be familiar with the resources for antibiotic choices and uses. Previously, antibiotics, including information about resources, were covered in a total of 8 hours of lecture. Three years ago, this was revised into an introductory 2-hour lecture followed by 6 hours of case work. The introductory lecture covered the mechanism of action of each class of antibiotics, general mechanisms of antibiotic resistance, and trends in sensitivity. The remaining 6 hours were divided into three 2-hour sessions for the students to work through 21 outpatient infectious disease cases. In order to achieve the objective of having students be familiar with the resources for antibiotic choices, it was necessary for them to locate and use the resources and then bring them back to the class. This provided not only the answers to the case questions, but aided their evaluation about the usefulness of the resources. As an incentive to complete the assignment was needed, a number of options were considered. The incentive chosen was derived from some ideas for teaching and training expressed by Pryor. 12 Positive reinforcement in the form of paper coupons was given to students for progress toward the learning objectives. The case work was never graded.
Before the first class, students were told that they would review the first 7 cases in the first 2-hour session and that it was their job to work through the cases outside of class. Seven of the cases had associated photographs that were made available to the students via the Internet.
Case 1 Example
A 5-year-old child will not admit to provoking the family cat to bite him, but he is frequently seen pulling her tail. Six hours after sustaining a cat bite he is seen in clinic with the hand lesion shown on the slide.
Question 1
What is the most likely etiologic agent causing this infection?
Question 2
What is the antibiotic of choice for the treatment of animal bite wounds?
Question 3
What is the mechanism of action of this antibiotic and what side effects should you warn the patient's mother about?
Case 2 Example
An otherwise healthy 27-year-old female present with fever, chills, and right flank pain. She is seen in the emergency room, where she is alert and cooperative. Vital signs: BP 120/80, pulse 92/min, respiratory rate 15/min, temp 102.0ºF. The only finding on physical examination was right CVA tenderness. Laboratory studies: HCT 38%, WBC 15,000/mm 3 , BUN 18 mg/dL, creatinine 1.1 mg/dL, urinalysis: numerous WBCs, moderate RBCs, numerous bacteria, moderate blood, trace ketones, trace protein by dipstick. She is allergic to sulfa and codeine.
Question 1
What is the likely diagnosis?
Question 2
Do you recommend hospitalization? Support your decision.
Question 3
What initial therapy do you recommend?
Question 4
How long should you treat and what post-therapy follow-up do you pursue?
Case 3 Example
A 50-year-old patient with COPD and heavy alcohol use presents with cough, fever, right-sided pleuritic chest pain, and productive sputum. He sees you in the clinic and is in moderate respiratory distress. He has a right-sided infiltrate (see chest x-ray on slide). Laboratory studies are only pertinent for a serum sodium of 130 mEq/L and WBC of 16,500/mm 3 . He has mild diarrhea.
Question 1
What organisms do you need to consider?
Question 2
After review of all historical clues and laboratory studies you are not convinced of the specific etiology. What therapy would you suggest?
At the beginning of each session, every student who had answers to the questions was given a coupon printed on colored paper (2.5" x 4"). For each case, a student read the case and led the discussion. This student also received a positive reinforcement coupon, as did anyone in the class that offered a particularly good insight to the case or a comment on the references used to find the information. If the instructor was asked what the coupons were for, the response was simply that they were valuable. By the end of the third session, students had acquired between 0 and 7 coupons. Sixty to 70 percent of the students had 5 coupons. These coupons were then used to "buy" points on the exam related to the infectious disease cases. In other words, each student who completed the assignment and contributed to the class discussion did not have to answer these questions on the examination to get the points. Those students who did not complete the assignment, or did not participate in class, had to answer all exam questions.
In the 3 years that the infectious disease cases have been used, there has been 60 to 75% completion of the assignment on the first day, based on the number of coupons distributed. At the beginning of the second session, all students had answers to the assigned cases and there were many volunteers to lead the discussion for each case. Faculty perceived that students anticipated subsequent classes and came prepared to participate. The majority of the students completing end-of-course evaluations felt that this set of classes achieved the objective of evaluating resources for antibiotic information and helped the students to become more comfortable with making decisions about antibiotic use.
Sessions were scheduled for 2 hours, but, typically, the class lasted an average of 45 minutes. Students were allowed to use the remaining time to prepare casework for the next session. Therefore, this assignment was not "outside" of class time or an extra assignment, which students appreciated. In addition, although groups of students did choose to work together, this was not a group exercise.
The questions associated with several of the cases did not have a definitive answer. For instance, in the Case 2 Example, one question asked whether the patient should be hospitalized. When the students compared the clinical data to standard guidelines, there was no best answer; rather, either decision could be justified. One year, when the first of these cases was discussed, the class all politely agreed with each other. This year the instructor role played the opposite postion to initiate student debate. These debates have generated a lively student-led discussion that went beyond the primary goal of familiarity with resources for antibiotic information and uses.
Discussion
The modification of the team learning approach that was used for the autonomic cases demonstrates one method of active learning in a lecture hall. It encourages intra-group and inter-group problem solving without increasing the number of faculty. The students actively research information, discuss options with each other, and then justify their rationale to the other groups of students. One of the biggest advantages to this approach is the relatively small amount of faculty time that was needed. The largest time commitment for faculty is in case development and writing the multiple-choice questions. Facilitating the inter-group discussion does take skill and practice. The goal is to simply act as a moderator and referee the discussion-not to give a lecture on the case. Some faculty members are naturally skilled at moderating, while others would need training and supervision.
Another advantage of utilizing small groups within the lecture hall is that every student experienced the same overall discussion. One of the consistent complaints about smallgroup work is the diversity of the discussion points and issues raised among the groups. The approach used here equalized the experience for all students and there were no complaints about group differences. In addition, this method is quite different from an informal case discussion with students that are sitting near each other. The more formal group assignment and the commitment to a group answer makes this exercise more rigorous.
The infectious disease cases provide a student-centered and active approach to achieve familiarity with resources for antibiotic information. The success of these cases is due to the use of immediate positive reinforcement (coupons). This worked well in a relatively small class where it was easy for the instructor to walk around and visit everyone in a few minutes. Depending on the physical arrangement of the room, this could probably be done with up to 50 students. Feedback from the students has been overwhelmingly positive, even before they know the value of the coupons.
The use of the coupons in the class setting added some unexpected dimensions to the class. First, the most difficult task for the faculty was deciding whether a particular question or insightful comment warranted a coupon. Typically, on the first day of class, the standard for earning a coupon was the lowest and by the second and third sessions, the standards for earning a coupon were higher. The coupons were markers of appropriate behaviors, i.e., completion of the work, good evaluation of resources, and positive contributions to the class. Without any explanation, the students quickly noticed what it took to earn a coupon. Students that were normally quiet in class were encouraged by other students to add to the discussion. Interestingly, in 3 years of experience with this, there never was a problem with a few students taking over the class and not allowing quieter students to participate. In fact, this simple tool improved the atmosphere in the room.
Faculty time for the infectious disease cases is mostly devoted to case development. Once the cases are available, faculty time is limited to class time. The faculty member present for the case discussions needs moderator skills for cases that generate debate. In fact, these Perspective on Physician Assistant Education, Vol. 13, No. 2, Summer/Autumn 2002 Incorporation of Active Learning Strategies into the Classroom: What One Person Can Do case discussions would probably not work well in a class exceeding 35 students, since the discussion is based on individual work, rather than group work. Overall, this method is very student-centered and active, more information-oriented than the autonomic cases, but still problem-based.
There are very different incentives built into these 2 different approaches. The technique utilized for the autonomic cases, modified team learning, emphasizes group work, while the infectious disease cases emphasizes individual work. Addition of group evaluation may improve the incentives for the students to actively participate in the activity, but would have added more work and complexity to the approach. 13 For instructors, both approaches are fun. It is rewarding to see the students working hard to determine solutions to the cases. Overall, the infectious disease cases are more satisfying, because there is more activity and individual participation evident to the instructor. With the group activity in the lecture hall, the instructor is unable to determine the level of involvement or participation of individual students directly. For both approaches, the instructor needs to moderate a discussion among 20-30 students or group representatives, so there is no difference in this aspect.
In summary, 2 options for pharmacology education were developed and implemented by a single faculty member without major changes in curriculum structure. Both approaches involve student-centered active learning without increasing faculty time, or requiring small group rooms, are problem-oriented and provide practice in therapeutic decision making.
